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JSJLE 

UQUID CRYSTALLINE POLYMER COMPOSITION 

FIELD OF THE INVENTION 
The present invention relates to a composition comprising an 
5 aromatic liquid crystalline polymer (LCP) and a low molecular weight 
polyethylene (PE) which acts as a lubricant. 

TECHNICAL BACKGROTTNn 
Thermotropic liquid crystalline polymers are useful as molding 
resins for a variety of applications. This is due to the desirable properties 
10 that many of these polymers possess, such as good moldability, low 

flammability, high temperature resistance, good physical properties, etc. For 
electrical applications, such as electrical coimectors, low flammability or 
resistance to burning is important. Further, in many electrical applications, 
the parts arc intricate and have thin walls. As such, these parts are 
15 sometimes difficult to eject from the mold. Internal lubricants (sometimes 
called mold release agents) are useful to aid in the ejection of such parts 
from the mold. For a discussion of such lubricants, see H. Mark, et al., Ed., 
Encyclopedia of Polymer Science and Engineering, Vol. 14, John Wiley & 
Sons, New York, 1988, p. 41 1^21. 
20 While internal lubricants are generally desirable in many 

applications, it is preferable that the desired properties of the LCP are 
degraded as little as possible. It has been found that low molecular weight 
polyethylene (often called a "wax'O acts as a lubricant in LCPs. Surprisingly, 
even though polyethylene itself bums quite readily, its addition to an LCP 
25 does not significantly degrade the low flammability properties of the LCP. 

SUMMARY OF THE INVENTION 
This invention relates to a composition comprising an aromatic 
liquid ciystalline polymer and from about 0.05 to about 2.5 percent by 
weight of said aromatic liquid crystalline polymer of polyethylene, said 
30 polyethylene having a molecular weight within the range between about 
1,000 to about 10,000. 

DETAILS OF THE INVENTION 
The LCPs usehil herein are aromatic LCPs. By an "aromatic* 
LCP is meant that the backbone of the polymer is composed of aromatic 
35 rings and functional groups such as esters, amides and imides. There are no 
aliphatic or cycloaliphatic groups which are part of the main chairL 
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However, such groups may be subst;ri^ted onto the main chain as side 
groups. For instance, in an LCP which is at least partially a polyester, repeat 
units may be derived from t-butylhydroquinone, methylhydroquinone, 
phenethylhydroquinone, methylterephthalic acid, t-butyM-hydroxybenzoic 
S acid, etc. 

Preferred aromatic LCPs are polyesters, poly(imide-esters) and 
poly(aniide-estcrs), with polyesters being especially preferred. These types 
of polymers are well known to the artisan, see for instance U. S. Patents 
4,900,804, 4,851,497, 4,067,852, 4,083,832, 4,727,131, 4,727,129, 4,762,907, 

10 4,664,972, 4,118,372, 4,684,712, 4,522,974, 4,473,682 4,161,470 and 5,110,896. 
Preferred UCPs may contain repeat units derived from one or more of 4- 
hydroxybenzoic acid, 6-hydroxynapthoic acid, tcrcphthalic acid, isophlhalic 
add, 2,6-naphthalene dicarboxylic acid, 4,4'-bibenzoic acid, hydroquinone, 
4,4-biphenol, rcsorcinol, 2,6-dihydro)omaphthalcne, substituted 

15 hydroquinones including chlorohydroquinone, methylhydroquinone, 

t-butylhydroquinone, phenylhydroquinone, and phenethylhydroquirione. 
Especially preferred polymers include polymers consisting essentially of 

(a) stracture (I), 

20 




(I) 



25 (b) structure (11), 




(11) 

30 
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(c) struaure (III), 




(III) 

5 

(d) structure (IV), 




(V) 

15 

wherein the molar ratio of (I):(n) ranges from 0:100 to 100:0, wherein the 
molar ratio of (ni):(IV) ranges from 85:15 to 15:85, wherein the molar ratio 
of the total of (I) and (11) to the total of (HI) and (TV) is substantially 1:1, 
and further wherein there are 100 to 600 moles of (V) per 100 moles of (I) 
20 plus (II); 

or polymers consisting essentially of the following repeat units: 



(a) strucmre (VI) 



25 




(VI) 
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and/or 
structure (VII) 




O — 



(b) structure (VHI) 



O 

— C-<( )>-c- 





(vn) 



10 (vni) 

(c) structure (IX) 

4^0-'- 

15 (IX) 

(d) structure (X) 

9 

C — 

20 (X) 

and 

(e) structure (XI) 
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(XI) 

wherein the molar ratio of (VI):(Vn) ranges from 0:100 to 100:0, 

5 the molar ratio of (V1II):(IX) ranges from 25:75 to 90:10, the molar ratio of 
the sum of (VI) and (VII) to the sum of (VIII) and (IX) is substantially 1:1, 
the molar ratio of (IX):(X) ranges from 97:3 to 50:50, and the number of 
moles of (IX) plus (X) ranges from 100 to 600 per moles of (VI) plus (VII). 
Especially preferred polymers also include copolymers of p-hydroxybenzoic 

10 acid and 6-hydroxynapthoic acid. 

The PE useful herein has a molecular weight within the range 
between about 1,000 to about 10,000, preferably about 1,500 to about 4,000. 
Low pressure polymerized (high density), polar PE is preferred for use in the 
present invention. Such PEs are made by oxidation of PE which introduces 

15 polar functional groups, such as carbo>^l groups, into the PE. Such oxidized 
PEs are commercially available, such as those from Hoechst Celanese Corp., 
Somerville, NJ, under the designation Tloechst Wax PED". 

The amount of PE present in the present invention generally 
ranges from about 0.05 to about 25 percent by weight of the LCP. preferably 

20 about 0.1 to about 2.0 percent by weight, and most preferably about 0.2 to 
about 1.0 percent by weight. Other materials usually found in LCP molding 
compositions may also be present, such as fillers, including glass, clay, talc 
and other minerals, and carbon black, pigments, antioxidants, other 
polymers, etc. Preferred fillers are glass fiber, talc, titanium dioxide and 

25 carbon black, and an especially preferred filler is glass fiber. 

Flammability or flame resistance properties reported herein were 
measured by UI^94, revised as of May 14, 1993, and published by 
Underwriters Laboratories, Inc., Melville, NY, U.S.A- It is preferred that 
the flammability (as measured by the total after flame time for any condition 

30 set) of the compositions not containing PE is increased by less than 50% 
when the PE is added, more preferably less than 25%, and especially 
preferably increased less than 10%. It is also preferred that the overall UL^ 
94 rating under the particular test conditions used is the same or better (less 
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flammablc rating) for the PE containing composition compared to the 
composition without PE. It is particularly preferred if the PE containing 
composition has a ULr94 rating of V-0. 

The PE containing LCP compositions claimed herein may be 
5 made by standard methods. For instance these materials (and others to be 
in the composition) may be mixed together in a single or twin screw 
extruder. The composition may be then directly melt formed or formed into 
pellets for later use. Melt forming may be done by extrusion or injection 
molding, for example, and the latter is preferred. Such formed parts are 
10 useful as films, or as molded parts in the automotive, electronic or aerospace 
applications. As mentioned above, the composition is particularly useful for 
electronic parts, particularly electronic connectors* 

EXAMPLES 1-3 
The LCP used in these Examples had the composition (structures 
15 shown above, in mole percent) (I), 9.6%; (H), 9.6%; (HI), 13.5%; (IV), 5,8%; 
and (V), 61.5% (see U.S. Patent 5,110,896). The fiberglass used was Owens- 
Coming Fiberglass Corp., grade 408. The polyethylene was reported to be 
an oxidized low pressure polyethylene and was obtained from Hoechst 
Celanese Corp., Somerville, NJ, U.S.A. as grade PED 521. It reportedly had 
20 a drop point of about 105''C, an acid value of about 35 mg KOH/g and a 
density of about 0.95 at 20*C, using test methods specified by Hoechst 
Celanese Corp. 

The materials were mixed on a Werner and Pfleiderer 28 nmi 
twin screw extruder, in which the zone temperatures (rear to front) were 
25 approximately were 255"C, 290"C, 290"C, 290°C, 3(XrC and 345"C (die). A 
one hole die was used, and pellets were made. The pellets were then 
injection molded into test bars, and temperatures in the injection molding 
machine (rear to front) were approximately 325'*C, 320**C, 330^C and 335*'C- 

34rc 

30 Compositions (weight percents are based on the total amount of 

everything in the LCP compositions), tensile strengths and elongations, and 
UL^94 bum times and overall ratings are given in Table 1, along with values 
for Comparative Example A, which contained no PE. Tensile properties 
were determined with bars that were 0318 mm (1/80 thick, while the UU-94 
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tests were done with bars that were 0.079 mm (1/32") thick, with the burns 
being done on dry, as-molded, bars. Tensile tests were performed by the 
procedure of ASTM D638. 
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TAT?LE 1 







vn 












wt 


% 


Tensile 




Bum 




Ex. 


% 


Fiber- 


Strength 


Elong. 


Time 


UI^94 


No. 


PE 


glass 


(MPa) 


% 


(sec) 


Rating 


A 


0.0 


30 


116 


2.8 


25 


V-0 


1 


0.5 


30 


107 


3.0 


26 


V-0 


2 


1.0 


30 


106 


3-0 


24 


V-0 


3 


1.5 


30 


103 


2.9 


25 


V-0 



5 EXAMPLE 4 

Four IjCP compositions were molded, three containing low 
molecular weight PE, and Comparative Example B not containing PE. The 
same LCP, PE, and glass was used as in Examples The talc used was 
Supr^ Talc (Cyprus Minerals), and the carbon black used was Velvetinc® 

10 carbon black. The compositions are given in Table 2, where the weight 
percents are based on the totals of all components of the compositions. 

Electrical connectors were injection molded of each sample. 
Sample B had a minimum cycle time of 19 sec, and the part was deformed by 
the ejector pin when ejected. Samples 4A and 4B both had minimum cycle 

15 times of 14.9 sec, and had no deformation from the ejector pin. Sample 4C 
had a minimum cycle time of 15.9 sec and showed no deformation caused by 
the ejector pin. These particular results illustrate the improved mold release 
properties when PE was present. 
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TAHT.R2 









% 


% 






% 


% 


Fiber- 


Carbon 


% 


Sample 


LCP 


PE 


glass 


Black 


Talc 


B 


70 


0 


30 


0 


0 


4A 


69.5 


03 


30 


0 


0 


4B 


69 


1.0 


30 


0 


0 


4C« 


615 


0.5 


23.3 


13 


13.3 



^ Made by pellet blending 1 part by weight of a sample containing 68.5% 
5 LCP, 1J5% polyethylene and 30% glass fiber, and 2 parts by weight of a 
sample containing 58% IXT, 20% glass fiber, 20% talc and 2.0% carbon 
black. 
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1. A composition comprising an aromatic liquid crystalline 
polymer and from about 0^05 to about 2.5 percent by weight of said aromatic 
liquid crystalline polymer of polyethylene, said polyethylene having a 

5 molecular weight within the range between about 1,000 to about 10,000. 

2. The composition as recited in Qaim 1 wherein said 
polyethylene has a molecular weight within the range between about 1,500 
to about 4,000. 

3. The composition as recited in Claim 1 wherein said 
10 polyethylene is polar. 

4. The composition as recited in Qaim 3 wherein said 
polyethylene is made by low pressure polymerization. 

5. The composition as recited in Claim 1 wherein the amount 
of said polyethylene is about 0.1 to 2.0 percent by weight of said aromatic 

IS liquid crystalline polymer. 

6. The composition as recited in Claim 4 wherein the amount 
of said polyethylene is about 0.2 to 1.0 percent by weight of said aromatic 
liquid crystalline polymer. 

7. The composition as recited in Claim 1 wherein said aromatic 
20 liquid crystalline polymer contains repeat units derived from one or more of 

4-hydroxybenzoic acid. 6-hydroxynapthoic acid, terephthalic acid, isophthalic 
acid, 2,6-naphthalene dicarboxylic acid, 4,4'-biben2oic acid, hydroquinone, 
chlorohydroquinone, methylhydroquinone, t-butylhydroquinone, 
phenylhydroquinone, phenethylhydroquinone, 4,4-biphenol, resorcinol, or 
25 2,6-dihydroxynaphthaIene. 

8. The composition as recited in Claim 6 wherein said aromatic 
liquid crystalline polymers contains repeat units derived from one or more o 
4-hydroxybenzoic acid, 6-hydroxynapthoic acid, terephthalic acid, isophthalic 
acid, 2,6-naphthalene dicarboxylic acid, 4,4'-bibenzoic acid, hydroquinone, 

30 chlorohydroquinone, methylhydroquinone, t-butylhydroquinone, 

phenylhydroquinone, phenethylhydroquinone, 4,4-biphenol, resorcinol, or 
2,6-dihydroxynaphthalene. 

9. The composition as recited in Qaim 1 wherein said aromati 
liquid crystalline polymer consists essentially of the repeat units: 
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(a) structure (I), 




(V) 



25 wherein the molar ratio of (I):(II) ranges from 0:100 to 100:0, wherein the 
molar ratio of (in):(IV) ranges from 85:15 to 15:85, wherein the molar ratio 
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of the total of (I) and (II) to the total of (III) and (IV) is substantially 1:1, 
and further wherein there are 100 to 600 moles of (V) per 100 moles of (I) 
plus (H); 

10. The composition as recited in Claim 1 wherein said aromatic 
5 liquid crystalline polymer consists essentially of the repeat units: 



(a) structure (VI) 




10 

(VI) 

and 

struaure (VII) 



15 




(vn; 



(b) structure (Vm) 




(c) structure (IX) 




(IX 



BEST AVAILABLE COPY 



9606B88A1^L> 



wo $6/06888 



PCT/US95/08969 



-13- 

(d) Structure (X) 

(X) 

and 

(e) structure (XI) 



C- 




— O 



(XI) 

10 

wherein the molar ratio of (VI):(VII) ranges from 0:100 to 100:0, 
the molar ratio of (Vin):(IX) ranges from 25:75 to 90:10, the molar ratio of 
the sum of (VI) and (VU) to the sum of (VHI) and (IX) is substantially 1:1, 
the molar ratio of (IX):(X) ranges from 97:3 to 50:50, and the number of 
15 moles of (IX) plus (X) ranges from 100 to 600 per moles of (VI) plus (VII). 

11. The composition as recited in Claim 6 wherein said aromatic 
liquid crystalline polymer consists essentially of the repeat units: 



(a) structure (I), 



20 




(I) 

(b) structure (II), 



25 




(n) 
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(c) structure (HI), 




(III) 

5 

(d) structure (IV), 



O 




(IV) 

10 and 

(e) structure (V) 




(V) 

15 

wherein the molar ratio of (I):(n) ranges from 0:100 to 100:0, wherein the 
molar ratio of (in):(IV) ranges from 85:15 to 15:85, wherein the molar ratio 
of the total of (I) and (11) to the total of (HI) and (IV) is substantially 1:1, 
and further wherein there are 100 to 600 moles of (V) per 100 moles of (I) 
20 plus (II); 

12. The composition as recited in Qaim 6 wherein said aromatic 
liquid crystalline polymer consists essentially of the repeat units: 

(a) structure (VI) 

25 




(vi; 
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and 
structure (VII) 




(VII) 

(b) structure (VIII) 




(VIII) 

(c) structure (IX) 

O 



15 




(d) structure (X) 




(e) structure (XI) 
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wherein the molar ratio of (VI):(Vn) ranges from 0:100 to 100:0, 
the molar ratio of (Vin):(IX) ranges from 25:75 to 90:10, the molar ratio of 
the sum of (VI) and (VII) to the sum of (Vm) and (IX) is substantially 1:1, 
the molar ratio of (IX):(X) ranges from 97:3 to 50:50, and the number of 
5 moles of (IX) plus (X) ranges from 100 to 600 per moles of (VI) plus (VII). 

13. The composition as recited in Claim 1 wherein said aromatic 
liquid crystalline polymer is selected from the group consisting of a 
polyester, a poly(imide-ester) and a poly(amide-ester). 

14. The composition as recited in Claim 1 further comprising 

10 glass fiber. 

15. The composition as recited in Oaim 1 further comprising a 
filler selected from the group consisting of glass fiber, carbon black, titaniuir 
dioxide, talc and combinations thereof. 

16. The composition as recited in Oaim 1 wherein said aromatic 
15 liquid crystalline polymer is a polyester. 
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AMENDED CLAIMS 

[received by the International Bureau on 14 February 1996 {14.02.96)* 

original claims 1 and 2 amended; 
remaining claims unchanged (1 page)] 

1. A composition comprising an aromatic liquid crystalline 
polymer and from 0.05 to 2.5 percent by weight of said aromatic liquid 
crystaUine polymer of polyethylene, said polyethylene having a 

5 molecular weight within the range between 1,000 to 10,000. 

2. The composition as recited in Claim 1 wherein said 
polyethylene has a molecular weight within the range between 1,500 to 
4,000. 

3. The composition as recited in Claim 1 wherein said 
10 polyethylene is polar. 

4. The composition as recited in Claim 3 wherein said 
polyethylene is made by low pressure polymerization. 

5. The composition as recited in Claim 1 wherein the amount 
of said polyethylene is about 0.1 to 2.0 percent by weight of said aromatic 

15 liquid crystalline polymer. 

6. The composition as recited in Claim 4 wherein the amount 
of said polyethylene is about 0.2 to 1 .0 percent by weight of said aromatic 
liquid crystalline polymer. 

7. The composition as recited in Claim 1 wherein said 

20 aromatic liquid crystalline polymer contains repeat units derived from 
one or more of 4-hydroxybenzoic acid, 6-hydroxynapthoic acid, 
terephthalic acid, isophthalic acid, 2,6-naphthalene dicarboxylic acid, 4,4 - 
bibenzoic acid, hydroquinone, chlorohydroquinone, 
methylhydroquinone, t-butylhydroquinone, phenylhydroquinone, 

25 phenethylhydroquinone, 4,4-biphenol, resorcinol, or 2,6- 
dihydroxynaphthalene. 

8. The composition as recited in Claim 6 wherein said 
aromatic liquid crystalline polymers contains repeat units derived from 
one or more of 4-hydroxybenzoic acid, 6-hydroxynapthoic acid, 

30 terephthalic acid, isophthalic acid, 2,6-naphthalene dicarboxylic acid, 4,4'- 
bibenzoic acid, hydroquinone, chlorohydroquinone, 
methylhydroquinone, t-butylhydroquinone, phenylhydroquinone, 
phenethylhydroquinone, 4,4-biphenol, resorcinol, or 2,6- 
dihydroxynaphthalene. 

35 9. The composition as recited in Claim 1 wherein said 

aromatic liquid crystalline polymer consists essentially of the repeat units: 
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